Introduction. Primitive neuroectodermal tumors (PNETs) are malign neoplasms of the central nervous system which mainly locate in cerebellum (medulloblastoma). Primary intraspinal PNETs are rare. Within this group, we have found ten cases of purely intramedullary PNETs (IPNETs). In this report, we describe a new IPNET case and review the literature about these infrequent intramedullary tumors.
Introduction
Primitive neuroectodermal tumors (PNETs) are a group of malign neoplasms which were initially defined by Hart and Earle in 1973 5 .
The most common localization of these tumors is in the cerebellum (medulloblastoma); however, they can also arise in other sites of the central nervous system (CNS) such as the cerebral hemispheres, pineal gland, brain stem and spinal cord 17 .
The occurrence of primary intraspinal PNET is rare. At this setting, intramedullary, extramedullary, intra-extramedullary and extradural have been described 3 . To our knowledge, only ten cases of purely intramedullary PNETs (IPNETs) have been previously reported. In this article, we describe a new purely IPNET and review all reports about these rare intramedullary neoplasms.
Case report
A previously healthy 17 month-old boy was admitted to our center because of progressive paraparesis. He was the product of an uncomplicated pregnancy and delivery. He had acquired autonomous deambulation at the age of 11 months.
One month before admission, and coinciding with an acute gastroenteritis, his parents referred that the infant showed a decreased motion in his lower extremities which had progressed over this time.
The neurological examination revealed paraparesis (grade of weakness 3/5 at hips; 2/5, at knees; and 1/5, at ankles). His knee and ankle reflexes were bilaterally brisk. Babinski's sign was positive bilaterally and the triple flexor response was evident at right lower extremity. Bilateral and prolonged clonus could be elicited. The abdominal cutaneous reflexes were abolished. Finally, at general exploration, the infant presented abdominal distension due to paralytic ileus and urinary retention.
Spine magnetic resonance imaging (MRI) showed an intramedullary expansive lesion which extended from T3 to T10. The tumor was isointense on T1-weighted MRI and hyperintense on T2-weighted MRI. It also showed an unhomogeneous and weak contrast enhancement ( Figure 1 ).
An osteoplastic laminotomy was performed from T3 to T10. After durotomy and dorsal midline myelotomy, a grey-reddish, friable, bleeding and poorly demarcated tumor was seen. Near-total removal of the neoplasm was performed under the operating microscope.
Microscopic examination of biopsy fragments revealed a highly cellular, poorly differentiated neoplasm. The cells showed scanty cytoplasm and intense basophilic and pleomorphic nuclei; some nuclei were small and round and others were more prominent, irregular rims. Atypical mitosis, karyorrhexis and areas of necrosis were observed ( Figure 2 ). The tumor had fibrillar stroma. Homer-Wright rosettes, ependymal canals or well-defined Flexner-Wintersteiner rosettes were not noted. Immunohistochemical staining for neuron-specific enolase (NSE) (dilution 1/100) was intensely positive and staining for glial fibrillary acidic protein (GFAP) (dilution 1/1800) was negative ( Figure 3 ). The definitive histopathologic diagnosis was PNET.
In the postoperative course, the neurological condition initially worsened. Postoperative MRI of the head and spine ( Figure 4 ) showed no further tumor localizations. Chemotherapy was indicated, using cisplatin, carbopla- tin, etoposide (VP-16), cyclophosphamide and high-dose methotrexate.
Twelve weeks after operation, the infant had clinically improved: he could crawl and his bowel and urologic dysfunctions had practically disappeared. Currently, six months after surgery, holocord progression is evident.
Discussion
PNETs are malign tumors that usually occur in the pediatric age. They are composed of highly undifferentiated neuroepithelial cells. The term PNET comprises various lesions that are histologically similar but are located throughout CNS. The most common location is the infratentorial region, in which the PNET is referred to as a medulloblastoma 17 .
In 1973, Hart and Earle were the first who proposed the term "primitive neuroectodermal tumor" to describe a neoplasm which was composed by more 90-95% of undifferentiated cells and did not fulfill the diagnostic criteria for other entities 5 . In 1983, Rorke 14 and Becker and Hinton 2 established that all CNS tumors fundamentally composed by undifferentiated neuroephitelial cells should be called PNETs. However, this concept is being controversial today. In 1993, the World Health Organization (WHO) classification recommended to use PNET term to cerebellar medulloblastoma and other CNS tumors that are histologically identical to them 8 . According to WHO, the PNETs are defined as embryonic tumors composed of undifferentiated or poorly differentiated neuroephitelial cells which have the capacity for or display divergent differentiation along neuronal, astrocytic, ependymal, muscular or melanotic lines 15 .
With regard to PNET involving the spinal cord, the most common are drop metastases from primary intracranial tumors, which disseminate via cerebrospinal fluid 3 . Primary intraspinal PNETs are rare. These neoplasms can be extradurally, extramedullary, intra-extramedullary and purely intramedullary 3 . Kampman et al recently found 28 cases published in the literature 7. In this report, they distinguish between central PNETs and peripheral PNETs. They are tumors that have different immunohistochemical profile and genetic backgrounds. Moreover, peripheral PNETs have a potential to metastasise outside of CNS (bone, liver, lymph nodes), while central PNETs do rarely it (< 5%). However, survival rates are similar 7 .
Only ten cases of purely IPNETs have been reported, which are summarized in table 1 1, 3, 4, 7, [10] [11] [12] [13] 16 . Purely IPNETs are tumors presenting mainly in children and young adults (age from 3 months to 29 years; mean 12.9 years). There are not evident sex differences (ratio female: male 1.25: 1). They can locate in any region of spinal cord (cervical, thoracic, lumbar or sacral); however, they seem to have predilection for thoracic region (77.8% of available cases, including ours) 1, 3, 4, 10, 11, 13 . It is worth standing out that four cases had wide extent through spinal cord 4, 10, 11, 13 . The history of clinical presentation is short (history from 6 days to 8 weeks; mean: 3.4 weeks) 3, 7, 10, 16 . Our case had an evolution of four weeks.
In seven of eight patients (87%), progression or recurrences were reported 1,3,4,7,10,11 . They were detected within the first six months after surgery, excluding the case repor- years following surgery 11 . Three patients (37%) showed dissemination to the intracranial space 10, 11, 16 . Metastases outside the neuroaxis had not been detected. The outcome is very poor. Only two of eight patients (25%) were alive at the moment of the report, but they all showed already progression or recurrence 3, 13 . Five of the six remaining patients died within the first 27 months: two, within the first month 7,10 , one, at seven months 1 and two, around twenty-four months 4, 16 . Lastly, one died at six years 11 . Our patient continues alive at the present (six months after surgery). Progression, recurrence or intracranal dissemination were the cause of death in most of the [381] [382] [383] [384] [385] [386] [387] The treatment of the purely IPNETs is discouraging. Most patients underwent surgery, radiotherapy and chemotherapy. In 5 of 9 cases (55%), only a biopsy of the tumor could be accomplished 1, 3, 4, 7, 13 . Recurrences were both described in cases with extensive tumor resection and limited biopsies. However, similarly to medulloblastomas and whenever feasible, a maximum tumor resection is advised due to high rate of tumor recurrence 6 . In seven of eight patients (87%), the treatment was completed with chemotherapy 10, 13 or a combination of radiotherapy and chemotherapy 1, 3, 4, 11, 16 . Concerning radiation therapy, 5/8 cases (62%) underwent it: four had treatment of the whole neuroaxis 1, 4, 11, 16 ; one, spinal radiotherapy 4 ; and another patient had local radiotherapy 1 . Only two cases had radiation therapy as primary treatment after removal or biopsy 1, 11 . The remaining received radiotherapy after progression 4 , recurrence 3 or intracranial dissemination 3, 11, 16 . It seems appropriate to indicate treatment of the whole neuroaxis due to high risk of progression or intracranial dissemination1. Chemotherapy was administered to all patients 1, 3, 4, 10, 11, 13, 16 . Four patients received it as primary treatment after surgery 1, 4, 11, 13 and three cases, after recurrence, progression or intracranial dissemination 3, 10, 16 . Various multidrug chemotherapeutic regimens have been used (see Table 2 ). Chemotherapy is now a standard therapeutic method in patients with medulloblastoma due to the fact that maintenance chemotherapy after radiotherapy seems to deliver superior survival rates 9 . Chemotherapy was indicated in our patient, but radiotherapy was not administered because of patient's age. At seven reported cases of purely IPNETs in which chemotherapy or a combination of radiotherapy and chemotherapy were administered either as primary treatment or as treatment after progression, recurrence or intracranial dissemination, temporary clinical improvement have been accomplished 1, 3, 4, 10, 11, 13, 16 .
In conclusion, purely intramedullary PNETs (IPNETs) are uncommon tumors affecting children and young adults. They are characterized by recurrence, progression or intracranial dissemination. Outcome is dismal: most patients die within two years in spite of surgical resection followed by radiotherapy and chemotherapy. En este artículo los autores revisan, a propósito de un caso de tumor neuroectodérmico primitivo (TNEP) espinal intramedular en un niño de 17 meses de edad, las particularidades que presentan a partir de los 11 pacientes que han encontrado publicados en la literatura. El caso descrito se ciñe a las características más frecuentemente encontradas en estos pacientes, como son una corta historia clínica de 3-4 semanas de duración, la predilección por la localización medular a nivel torácico, la progresión o recurrencia de la enfermedad a pesar del tratamiento y el sombrío pronóstico. Se aleja no obstante de la media en la edad de presentación, que suelen ser propios de pacientes jóvenes, y que el tratamiento quirúrgico sólo pudo completarse con quimioterapia, influenciado sin duda por la edad temprana de presentación.
Los TNEP se incluyen en la clasificación de la OMS del año 2000 entre los tumores embrionarios, aunque su origen y criterios de clasificación histopatológica son controvertidos, se reconocen entre ellos a aquellos tumores constituidos por células redondeadas indiferenciadas y que muestran en su seno una variedad diferenciada de patrones celulares, lo que permite reconocer al meduloblastoma y al
